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Introduction 
The Faleozoic metamorphic history of the Appalachian 
orogen continues to be a matter of considerable controversy, 
with much debate centering around work done in the area 
studied for this report. Post Frecambrian K-Ar mineral ages 
in the Appalachians range from approximately 450 to 250 mil-
lion years and are generally distributed with the older ages 
in the west an.d progressively younger ages toward the south-
east. These ages define geochronological provinces which 
trend northeast along the length of the Appalachian system. 
Farly workers believed these provinces represented the effects 
of several distinct Paleozoic metamorphic episodes (Long and 
others, 1959; Clark and Kulp, 1968; Carpenter, 1970} inclu-
ding an early Paleozoic Tacon1c Orogeny (approximately 480 
m.y.a.), a middle Paleozoic Acadian Orogeny (approximately 360 
m.y.a.), and a late Faleozoic·Appalachian Orogeny(300 m.y.a.). _ 
. Recent isotopic dating studies suggest that the K~Ar 
ages are cooling, gas retention dates which post-date regional 
metamorphism and that the distribution. of dates reflects rates 
of cooling and/or uplitt rather than separate orogen1c events 
(Hadley, 1964; Rodgers, 1971; Dallmeyer, 1978). 
In the Reading Prong there is no history of Paleozoic 
overprinting in the basement complex west of the Hudson River. 
Fast of the river, however, the Precambrian rocks show retro-
gressive alteration. K·Ar and 40Ar/39Ar mineral dates reflect 
this with a general west to east decrease in age (Dallmeyer, 
Sutter and Baker, 1975). 
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The Grenville terrane of the southern Blue Ridge, North 
Carolina, on the other hand, clearly shows retrogressive 
4o I 30 effects or Paleozoic metamorphism. Ar ~Ar results reported 
by Dallmeyer (1975) for this area are similar to those of the 
Reading Prong. Dallmeyer (1975) and Dallmeyer, Sutter and Baker. 
(1975) demonstrated that the distribution of dates uas due to 
cooling and uplift follo·wing early Paleozoic metamorphism. 
This project was initiated ·as a part of the ongoing study 
of Paleozoic metamorphic and tectonic history of the Appalachian 
orogen. To compliment c1.1rrent studies of the Reading Prong, 
southern :Slue Ridge e.nd Piedmont provinces, da.ta uas obtained 
from the l'~orthern Blue Ridge province. 
The pri~ary objective of this stucy is to determine 
isotopic cooling dates for minerals from the Blue Ridge province 
and Piedmont province in northern Virginia and relate these d~tes 
to re5ional metamorphism in this portion of the Appalachian 
ororen. 
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Figure 1. General map of the Appalachian Mountains , eastern 
United States, showing ·physiographic provinces and the 
relationship of metamorphic grade to the Grenville base-
ment complex (black ) . Adapt ed from Morgan (1972) . 
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Geological Setting of the Blue Ridge 
Anticlinorium 1 Northern Virginia 
The Appalachian Mountains in Virginia and Maryland are folded 
into a broad anticlinorium characterized by a central core of older 
Precambrian granitic rocks that are flanked to the north, east and 
west by Preca.mbrian meta-sedimentary and meta-volcanic rocks and 
overlying Paleozoic rocks (figure 2). 
To the north, in 1.ra.ryland, the Blue Ridge physiographic pro-
vince coincides with the anticlinoriun as it plunges gently 
northeastward under younger Precambrian stratified units. In 
Virginia, only the western limb and western portion cf the core 
are included in the Blue Ridge province. The eastern limb of the 
anticlinorium is considered a part of the Piedmont province (from 
Espenshade, 1970). To the west, the Blue Ridge is bordered by 
Paleozoic rocks of the Valley and Ridge province. This study is 
mainly concerned with units in the core and on the e~stern limb 
of the Blue Ridge anticlinorium which, for the :purpose of this 
paper, ·will be consid.ered as part of the Blue Ridge province. 
Stratigraphv 
The lower Precambrian granitic basement complex of the Blue 
Ridge anticlinorium is composed of a variety of ~lutonic granitic 
gneisses and intrusives which range in composition from biotite 
granite to anorthoeite. All but a very few of the westernmost 
basement rocks show retrogressive effects of Paleozoic greenschist 
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Figure 2~ Generalized geologic map of the northern part of the 
Blue Ridge anticlinorium showing sample locations . Adapted 
from Espenshade and Clarke (1976) . 
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metamorphisl!:1 (Tilton, et. al., 1960) and most are strongly 
foliated to charnock1t1c in nature (Espenshade, 1970, p. 208). 
According to Espenshade (1976), the Flint Hill Gneiss, a 
layered biotite gneiss, is the oldest unit. It is cut by strong-
ly foliated biotite, quartz, feldspar, granitic gneiss of the 
lv'.arshall Formation (Virginia Div. of Mineral Resources, 1963) 
as well ::ts blue quartz pods and veins. Granitic dikes cut both 
the Flint Hill Gneiss e.nd the 1-!arshall Formation. The non-foli-
ated gr~.nitic Robertson River Formation (Allen, 1963) also 
intrudes the Flint Hill Gneiss. 
Sorae workers have proposed granitize.tion of sedimentary 
rocks as the origin of much of the basement complex (Allen,· 1963, 
p. 70-71; Brolm, 1958, p. 17; Bloomer and Werner, 1955, p. 581-
582). However, studies of the heavy mineral suites in the over-
lying Fauquier Formation of Furcron (1939) containing magnetite, 
zircon, apatite and ilmenite indicate an igneous origin fer the 
granitic basement complex (Espenshade and Clarke, 1976). 
Isotopic dates frora the granitic basement rocks in the Blue 
Ridge in northern Virginia indicate ge .. rnet-k:yanite gra.de metamor-
phism of the gneisses approximately 1,000 to 1,100 million years 
ago (Tilton, et. al., 1960; Davis, et. al., 1962; John Sutter, 
personal communication). 
Resting unconformably on the granitic basement complex is 
the Preca.mbrie..n meta-sedimentary unit named the Fauquier Forma-
tion by Furcron (1939). It is composed of meta-conglomerate, 
meta-arkose, meta-siltstone, elate and marble. Several deposi-
tional environments are suggested by such varied lithology 
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including fluvial conditions for the cross-bedded arkose and 
conglomerate and quiet water conditions for the limestone and 
shale deposit ion (Espenshade and Clarlte, 1976). 
Rocks similar to those of the Fauquier Formation of Furcron 
(1939) and found on the east limb of the anticlinorium have 
previously been called the Swift Run Formation (Parker, 1968). 
This name is currently :used for pre-Catoctin sediments on the 
west limb and nose of the enticlinorium. Furcron (1 939 ) proposed 
that the Fauquier Formation be divided into the (lo,·rnr) Bunker 
Hill Formation and upper Fauquier Formation, both being included 
in the Lynchburg Group which is the name. used for rock units in 
centrel and southern Virginia. Espenshade and Clarke (1976) 
have proposed that the Fauquier Formation (Furcron, 1939) in-
cludes all pre-Catoctin meta-sedimentary units on the east limb 
of the anticlinorium. 
The Precambrian Catoctin Formation is a narrow belt of 
meta-volcanic and meta-sedimentary 1mits found on both limbs 
and the nose of the Blue Ridge anticlinorium. It has a maximum 
thickness of 550 meters e.nd lies conformably on the Fauquier 
Formation (Furcron, 1939) except to the north in Maryland, 
where it lies unconformably on the granitic basement complex. 
The Cotoctin Formation consists of a series of basalt flows, 
metamorphosed to greenschist facies during Paleozoic deforma-
tion. The basalt flows are interlayered with thin beds of 
quartzite and mica schist on the northwest and east side of 
the ant1clinor1um. Meta-rhyolite is found to the north in 
Y'l.ryland _and Pennsylvania (Jonas and Stose, 1933; Stose and 
. - -~- ·: . . . . . . - 0 - - •. 
Stose, 1946) and has also been found on the west limb by Gath-
right and Nystrom (1974). Meta-diabase dikes ,-,hich intrude the 
granitic basement rocks throughout the northern Blue Ridge are 
said to be feeder dikes to the Catoctin flows (Espenshade and 
Cle.rke, 1976) • 
Discordant U-Pb ages of approximately 820 million years 
from the meta-rhyolites have been proposed by Rankin e.nd others 
(1969) as the age of the Catoctin flows. This would leave a 
200 million year time span before the deposition of the Chil-
hol;ee Group (Espenshade and Clarke, 1976) of uppermost P.rece.mbrian 
and lower Cambrian e.ge. The ChiU1owee Group is found on both 
limbs of the anticlinorium. An unconformity below the rocks of 
this group he.a been reported in 1-!a.ryland (Stose and Stose, 1946; 
":lickham, 1972), but is not field evident in. central Virginia, 
(Bloomer and Werner, 1955; Werner, 1966). The Chilhowee Group 
includes the Loudon, Weverton, Harpers and Antietem Formations 
and consists mainly of up to 1500 meters of quartzite, se.ndstone, 
siltstone, shale and phyllite (1-licl:.."1.am, 1972; Espenshade, .1970). 
Above the Chilhowee Group to the east lie rocks of the 
Triassic basin. To the west of the a.nticlinorium lie Ordovician 
and Cambrian carbonates. 
The K-Ar l-~ethod and Analytical Techniaues 
Sanples collected were selected for K-Ar analysis on the 
basis of mineral composition and grain size (eac~ of the samples 
studied contained 5 to 10% mica). Whole rock samples were 
systematically crushed and seived to maximize the 100-140 mesh 
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fraction, then washed in acetone, alcohol and distilled water. 
Biotite was separated by heavy liquid and isodynamic magnetic 
methods to >99% purity. Approximately o.05g. eliquants were 
prepared for potassium determination using the method described 
by Cooper (1963) and analyzed on a Zeiss PF-5 single channel 
Flame Photometer. 
A second aliquant of each sample was packed in a high-purity 
aluminum capsule and loaded into a sample bottle. Each sample 
was fused and gases were extracted and purified according to the 
method described by Dalrymple a.nd Lanphere (1969, p. 62-65). 
The isotopic composition of Ar released from the sample as well 
as the 38Ar tracer was determined with a Nuclide J.:ass Spectro-
meter (6" radius, 60° sector). Results from the analyses are 
found in Table I. 
Petrography 
Sample GSA 1-76 is a quartz-mica schist from the Weverton 
Formation of the Chilhowee Group (see figure 2 for location). 
The principal mineral constituent is quartz which forms a tight 
polygonal mozaic 1-5 mm. thick between thin micaceous layers 
less than 1 mm. thick (figure 3A). At least two micas are 
present: subhedral parallel oriented muscovites and sericite 
as well as rust brown subhedral laths of biotite. Very little 
chloritization of the micas is present. Accessory minerals 
include well-rounded detrital zircon, magnetite and tourmaline 
showing well-rounded detrital cores and subhedral to euhedral 
overgrowth. The large zircon and tourmaline grains form 
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minute augen with some chloritization around tourmaline grain 
boundaries (see figure 3A). Smaller tourmaline grains show 
good tourmaline cross section and all show zoning. 
GSA 4A-76 is a phyllite from the Fauquier Formation of 
Furcron (1939) (see figure 2 for location). The main con-
stituent is sericitic white mica ( 60%). Subhedral green and 
brown biotite laths have been formed at the expense of white 
micas and iron oxides. Two foliations appear in thin section 
(figure 3B) with stringlets of partly recrystallized relict clays 
throughout. Accessory minerals make up lees than 2% of the rock 
and include magnetite and chlorite. 
BR 15-77 and BR 18-77 are very similar petrographically 
and will be treated together in this description. The Flint 
Hill Gneiss at both of these localities is a coarse grained 
quartz monzonite gneiss with microcline, quartz and andesine-
oligoclase being major constituents. Biotite makes up 8% of 
the rock, muscovite 3% and zircon, sphene, apatite, magnetite, 
ilmenite and chlorite combined comprise 5% of the total. Some, 
but not all, of the biotites are intergrown with fine needles 
of rutile (as seen in figure 3C). The rocks are irregularly 
foliated and almost charnokitic in nature, with the leucocratic 
layers"containing blue quartz, microcline·and plagioclase, being 
discontinuous-and characterized by augen and pod. shaped bodies. 
Alteration of feldspars to seric1te creates blrdseye extinction, 
and ser1c1te and chlorite are found along grain boundaries, espe-
cially in the terromagnesian layers, (figure· 3D). 
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(D) 
~ 
Figure 3. Thin sections of samples: "(A) GSA 1-76, sch1s-
tos1ty (ma1n1fied 40x); (B) GSA 4a-76, pods of relict 
clays (40x; (C) BR 18-77, rutile needles in biotite · (100x); (D BR 18-77, feldspar alteration (100x). 
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Table I 
K-Ar analytical data for b1otite and muscovite from Precambrian rocks of the Blue Ridge ant1cl1norium, Northern Virginia 
sa.mple 
number K 2 (wt,%) Moles 40 * Ar /gm. 
Radiogenic 
40Ar (%) 
K-Ar age 
(m.y.)3 
Biot1te 
BR 18-77 6 .541 5.044x10-9 96.5 397.6± 4.6 
BR 15-77 7 .041 5.035x1o-9 94.5 371.4! 4.4 
GSA 4A-76 6.532 6 -9 .501x10 97.5 498.4± 5.6 
1-~us covi te 
GSA 1-76 8.2194 5.208x10-9 97.6 332.8! 3.9 
Note: average aliquant weights for determinations were approx. o.05g. 
1
see figure 2 for locations. 
2average of 2 determinations. 
40Ar*: Radiogenic 40Ar. 40 3 
-10 K/40 
-4 / 1 cf errors; A =5.543x1 O /yr; Ktotai=1 .167x1 O atom atom. 4based on 1 K determination pending duplication. 
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Results and Conclusions 
It is clear from both the regional studies {Morgan, 
1972; Espenshade and Clarke, 1976) and from my petrographic 
study that all of the samples that I analyzed, with the pos-
sible exception of GSA 4A-76, contain a mica fabric produced 
during a Paleozoic metamorphic episode(s). The results cf the 
K-Ar analyses on these new micas are listed in Table I. The 
dates are interpreted as representing times during post-meta-
morphic cooling and/or uplift when temperatures dropped belcw 
those required for quantitative retention of radicEenic 40Ar in 
bictite and muscovite. The dates decrease to the east, with 
the exception of GSA 4A-76 biotite (this anomalous data is dis-
cussed in more detail below). This pattern in apparent age, 
as well as the regular increase in Paleozoic metamorphic grade 
to the east, is compatible with a cooling model related to an 
early Paleozoic {Taconic) metamorphic episode. 
In a similar terrane in the eastern portion of the Read-
ing Prong,Dallmeyer and Sutter (1976) found that the western-
most appearance of a Paleozoic biotite fabric in a Precambrian 
basement gneiss yielded a gas retention date of 393 m.y. The 
westernmost appearance of a Paleozoic horneblende fabric in 
this same terrane yielded a gas retention date of 472 m.y. 
Dallmeyer and Sutter thus interpreted the 393 m.y. date for 
the biotite to represent cooling and/or uplift following a pre-
472 m.y. Paleozoic metamorphism (Taconic). 
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By analogy, it is possible to interpret the 398 m.y. 
date of the biotite from sample BR 18-77 as .a cooling and/or 
uplift time following an early Paleozoic ('I'aconic) metamorphism 
even though no Fe.leozoic hornblende fabric is present. The 
pattern cf decreasing apparent ages of the micas from west 
to east (398 m.y. to 333 m.y. for samples BR 18-77, BR 15-77, 
and GSA 1-76, respectively) with increasing Paleozoic meta-
morphic grade is also suggestive of all of these dates being 
times of cooling and/or uplift following a single Paleozoic 
metamorphic event that must significantly predate the western-
most biotite date of 398 rn.y. This interpretation of pro£res-
s1ve remetamorphism from west to east is further supported by 
an 900 m.y. K-Ar date for a biotite taken from a non-retro-
£raded Grenville basement gneiss (Tilton and others, 1960) at 
:Mary's Rock 'Iunnel in the Shenandoah National Fark northeast 
of Lura.y, Virginia (figure 2). This is identical to biotite 
ga.s retention ages from non-retrograded Grenville gneisses from 
the Readine Frong reported by Dallmeyer, Sutter and Baker (1975), 
and interpreted as the time of cooling to the biotite arfon 
retention temperature following the peak of Grenville meta-
morphism a.t 1000 to 1100 m.y. ago. 
The 498 m.y. date from a biotite separate cf sample 
GSA 4A-76 is anomalously old in light of this previous inter-
pretation. It is possible, as was pointed out in the petro-
graphic description, that more than one generation of biotite 
is present in this sample. One generation may be relict from 
weathered basement rocks and either un-affected or only partially 
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reset durin! Faleczoic metamorphism. Eence a plausible explan-
ation for this anomalous date is that it represents a mixed 
date cf relict and new biotite end has no ~eologic meaning. 
Dallmeyer and Sutter (1976) have shown this type if data from 
partially recrystallized biot1tes 1n the eastern Eeading frcn~. 
In conclusion, the limited data I have generated fer 
the micas in the Northern Blue Ridge Province of Virginia are 
compatible with a model fer slow cooling and/or uplift fol-
lowing a single retrogressive metamorphic event. The timin~ 
of that event is clearly pre-398 m.y. (the cooling age of the 
westernmost Faleozoic biotite fabric) and is probably related 
to the Ta conic phase of Paleozoic metamorphism. 'I'he poly-
metamorphic history suggested fer this area by earlier workers 
is not substantiated by this data. 
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